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Abstract
An I type steel girder was assembled with a concrete upper plate and then placed on two roller supports. Four vertical load 
actuators were laid on the upper plate to add the vertical load. A single mode optical fiber was attached on the surface of the 
lower flange of a composite steel girder bridge with a length of 39 m. Longitudinal strain distribution of a composite steel girder 
bridge is monitored directly using optical fibre sensor system based on Brillouin frequency shift dependency of the strain applied 
on the optical fiber. Brillouin scattering signal is generated through the Brillouin optical correlation domain analysis at a selected 
location. Strain data were acquired at 195 points with the interval of 20 cm over the full range. From the strain data over the 
entire length of the composite steel girder bridge, the strain distribution shape was shown when the vertical load was added on
the bridge.
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1. Introduction
To measure the longitudinal strain distribution of the bridge, lots of direct or indirect techniques have been 
proposed and studied. In comparison with other sensing technologies, a fiber optic sensor system based on Brillouin 
scattering has the ability to directly measure the strain distribution along the length of the optical fiber, which is used 
as a sensing medium but does not require a specific process to sensitize [1]. When the external strain and 
temperature applied on the fiber, Brillouin scattered light has a frequency shift which is linearly dependent on them 
[2]. In this paper, a method to directly monitor the longitudinal strain distribution of the bridge using an optical fiber 
sensor based on Brillouin gain of the incident light is proposed. Suitable optical and electrical components were 
composed and a control algorithm was developed to realize the concept of the Brillouin optical correlation domain 
analysis (BOCDA). One line of optical fiber was attached on the lower flange of a composite steel girder bridge
along the entire length. The longitudinal strain of the bridge over a 39 m length was directly measured at 195 points 
with a spatial resolution of 14.5 cm.
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2. Experiments
2.1. Experimental procedures
The experimental setup to monitor the deformation of the bridge is described in Fig. 1. An I type steel girder with 
2.245m height, 40m length and 1m width was assembled of welded 3pieces of steel beam and then placed on two 
roller supports with a distance of 39m. A concrete upper plate was laid on the top of the girder to the width of 2.5m 
and the thickness of 0.3m, after cured in a cast. Four vertical load actuators (MTS, US) were laid on the upper plate, 
spaced every 7.8m.
Fig. 1. Experimental setup
The surface, which is 25mm apart from the tip of a lower flange of the girder, was grinded with the sandpaper in 
the longitudinal direction to remove the rust before attaching the optical fiber and ESG (Electric Strain Gauge). The 
VLQJOHPRGHRSWLFDOILEHU6DPVXQJ.RUHDZLWKDGLDPHWHURIȝPZDVDWWDFKHGRQWKHVXUIDFHXVLQJ$UDOGLWH
epoxy (Huntsman, US) along the length. Two ESG were attached at a 1/4 position and 1/2 position of the length of 
bridge that is 9.75m and 19.5m from a left roller support respectively, near the optical fiber, and connected to a data 
logger (EDX-2000A, Kyowa). The optical fiber attached on the surface of the lower flange was connected to a 
developed fiber optic sensor system according to the schematic diagram shown in Fig. 2.
Fig. 2. Schematic diagram of fiber optic sensor system
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The continuous wave (CW) light from the polarized LD was divided to the probe and pump light through a 50/50 
optical coupler after modulated with sine wave form using current modulator. The frequency of probe light got 
lower to the Brillouin frequency through a single sideband modulator (SSBM). Microwave generator controlled the 
frequency band of SSBM from 10.3GHz to 11.3GHz to acquire the Brillouin scattering signal. Computer controlled 
polarization switch (PSW) adjusted the probe light with two perpendicular polarization to eliminate the polarization 
effect of Brillouin scattering. Probe light then proceeded in the optical fiber, after amplified through an Erbium 
doped fiber amplifier (EDFA). The pump light moved through a different path to the optical fiber with an opposite 
direction of pump light. Electro-optic controller added a chopping frequency to the pump light through the EOM and 
gave a same signal to a lock-in amplifier as a reference. A high power EDFA then amplified the power of the pump 
light. Brillouin gain signal occurred in the fiber according to the interaction between the pump and probe light was 
detected from the photo detector (PD). Brillouin gain spectrum and Brillouin frequency shift at a full section of the
optical fiber were acquired with high signal to noise ratio (SNR) by a lock-in amplifier and computer algorithm. An 
algorithm to activate the fiber optic sensor system controlled the microwave generator, LD current modulator, EOM 
controller and lock-in amplifier through USB ports.
2.2. Operational principle of fiber optic sensor system
Brillouin interaction between optical and acoustic waves in the optical fiber depends on the strain and 
temperature, so that the determination of the resonance frequency directly provides a measure of temperature and 
strain by the following equation:
ǻȞB = Cİǻİ&Tǻ7 (1)
ZKHUHǻȞB is the shift of the Brillouin frequency, Cİ is the BriOORXLQVWUDLQFRHIILFLHQWǻİLVDQH[WHUQDOVWUDLQ&T
LVWKH%ULOORXLQWHPSHUDWXUHFRHIILFLHQWDQGǻ7LVWKHWHPSHUDWXUHFKDQJH
SOCF (synthesis of optical coherence function) is the basis of this fiber optic sensor system, which is a location 
selection method by the frequency modulation of the incident light with the sine wave form [3]. Modulated two 
RSWLFDOZDYHVZKLFKKDYHWKHIUHTXHQF\RIIVHWǻȞSURSDJDWHWKHRSWLFDOILEHUWRDQRSSRVLWHGLUHFWLRQ7KHSRZHU
spectrum corresponding to the frequency difference shows the periodic fluctuation according to the position, 
because the frequency of two optical waves modulates with the same sine wave form. However, frequency 
GLIIHUHQFHEHWZHHQWZRRSWLFDOZDYHVFDQEHPDLQWDLQHGDVǻȞFRQVWDQWO\DWDVSHFLILF location periodically. Peak of 
IUHTXHQF\ GLIIHUHQFH LV FDOOHG D FRUUHODWLRQ SHDN :KHQ ǻȞ FRLQFLGHV ZLWK %ULOORXLQ IUHTXHQF\ ȞB, Brillouin 
scattering can be stimulated at a selected location. Spatial resolution, measurement location and range depend on the
modulation frequency of the light.
3. Results
Vertical load of each actuator was increased from 0kN to 50kN with a rate of 0.417kN/sec and maintained 
constant for 300 sec. After the first holding, the load was increased up to 70kN and the load increasing rate was set 
to 0.33kN/sec. After the second holding, the load was lowered back to zero. Four actuators on the upper plate of the 
bridge used a same load cycle. Fig. 3 shows the longitudinal strain distribution of the composite steel girder bridge 
during two holding sequences of vertical load. The experimental data of optical fiber attached on the lower flange of 
the girder at the first and second holding sequences are represented with the dotted points, compared with ESG data. 
ESG data were linearly connected with solid lines. Strain distribution shape shows symmetric with a position of 
PDVWKHFHQWHU0D[LPXPVWUDLQDWDFHQWHUSRVLWLRQZDVȝİDQGȝİZLWKDUDWHRIȝİN1ZKHQWKH
vertical load of each actuator was 50 kN and 70 kN respectively. Strain of optical fiber at the 195 points was 
acquired with the interval of 20cm over 39m length. The spatial resolution of the fiber optic sensor system was 
14.5cm. The strain measured by the optical fiber coincides with the data of ESG within the measurement error range 
and the strain distribution shape of the girder coincides also.
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Fig. 3. Longitudinal strain distribution of the composite steel girder bridge at the lower flange
4. Conclusion
A composite steel girder bridge was placed on two roller supports and tested under the vertical load according to 
the load cycle. Longitudinal strain of the bridge using attached optical fiber was monitored at the 195 points with the 
interval of 20cm over 39m length. An optical fiber sensor system suitable for the monitoring of strain distribution of 
the bridge has been developed and applied in this experiment. The distributed optical fiber sensor system uses the 
BOCDA method to generate the Brillouin scattering signal at a selected location from the interaction between the 
pump and probe light. Optical and electronic components were assembled in a box and controlled by a computer.
The experimental strain distribution curve was well matched with ESG data. 
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